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EXPERIMENTAL ULTRAVIOLET LIGHT CARCINOGENESIS:
A STUDY OF CROTON OIL PROMOTING EFFECTS*
JOHN H. EPSTEIN, M.D. Asia HARRY L. ROTH, M.D.
Understanding the relationships between
chemical and ultraviolet light (UVL) cancer
formation has been clouded by the influence of
light energy on the carcinogen and/or the sub-
strate (1—5). Recent studies indicate that un-
der appropriate conditions, carcinogenic and
sub-carcinogenic amounts of UVL will stimu-
late cancer formation initiated by a single
appheation of the chemical carcinogen 7, 12-di-
methyl benz (a) anthracene (6—8). The result-
ant responses simulate the pattern described
for carcinogenic summation (9, 10). In the
present study we further examined the influence
of chemical stimulation on UVL carcinogenesis
utilizing croton oil promotion techniques.
MATERIALs AND METHOD
Materials
Animals: Randomly brcd nine to twelve week
old hairless mice were housed in metal cages (8 to
10 per cage) and fed unrestricted quantities of
Wayne Laboratory Blox and water. Natural sun-
light was excluded and artificial white light ex-
posure was minimal except during observation and
treatment. Male and female mice were kept
separate. The humidity and temperature of the
animal quarters were approximately 50% and 70—
74°F respectively.
Light Source: A Hanovia hot quartz contact
lamp which emits 4.3 X 10° ergs/cm°/sec of mid
UVL energy (2800 A° to 3200 A°) at a distance
of 3.4 cm was used to deliver the hght energy.
Light energy was measured with a Hanovia Ultra-
violet Meter (Model AV-971) just prior to its
use.
Promotor: An 0.1% solution of croton oil
(N.F. 7th ed.) in reagent grade acetone was the
promoting agent.
Method
Experimental design: The mice were divided
into four groups. Group I received a single UVL
exposure followed by repeated applications of the
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croton oil solution; Group II, a single UVL ex-
posure but no croton oil; Group III, repeated
croton applications; and Group IV remained un-
treated.
Group I consisted of 53 male and 26 female 9
to 12 week old mice. Each mouse received a 30
second exposure (13 X 10° ergs/cm°) of mid UVL
energy on the posterior half of the back from the
hot quartz contact source at a 3.4 cm distance.
The animals were restrained by hand and exposed
individually. The distance between the light
source and the mouse skin was maintained by a
metal fixture on the light source delivery unit. Two
weeks later biweekly applications of 0.1 ml of the
croton oil solution were initiated and continued
for the duration of the study. The croton oil
solution was applied to the posterior ½ of the
backs of the experimental animals.
Group II consisted of 28 male and 21 female 9
to 12 week old mice. Each mouse received a sin-
gle UVL exposure as in Group I but no croton oil.
Group III consisted of 41 male and 9 female 9
to 12 week old mice. Each mouse received croton
oil applications as in Group I but no UVL.
Group IV consisted of 15 male and 30 female
9 to 12 week old mice. These animals received
neither UVL exposures nor croton oil applica-
tions.
The animals were observed weekly for 18
months and tumor formation occurring on the
posterior ½ of the back was recorded.
RESULTS
Tumor Onset and Growth
Group I (UVL + Croton Oil): The first
tumor, a small exophytic growth (S on mm at
onset), appeared 10 weeks after the UVL ex-
posure, attained the size of 18 cu mm, and
disappeared eleven weeks later. Eight tumors,
one per mouse, developed irregularly over the
succeeding months, progressively increased in
size, and did not regress. Six appeared nine
months or more after the UVL exposure, the
last one starting at 16 months. Four of the
eight persistent tumors were exophytic, gen-
erally two to three mm in diameter at their
onset. These lesions enlarged over the next sev-
eral weeks, three reaching proportions of SO to
90 cu mm and one exceeding 2000 cu mm.
The remaining four started subepidermally;
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TABLE I
Tumor incidence (>50 cu mm)
Time
3 mos.
M F Tot.
6 mos.
M F Tot.
011
42 25 67
9 mos.
M F Tot.
011
40 25 65
12 mos.
M F Tot.
213
37 24 61
14 mos.
M F Tot.
235
33 24 57
16 mos.
M F Tot.
437
30 20 50
18 mos.
M F Tot.
448
25 19 44
Group I (UVL + Crot.
Oil)
T
S
0
44
0
25
0
69
Group II (UVL)
T
S
0
28
0
21
0
49
0
27
0
21
0
48
0
27
0
21
0
48
0
26
0
21
0
47
0
24
0
19
0
43
0
21
0
19
0
40
0
18
0
17
0
35
Group III (Crot. Oil)
T
S
0
41
0
9
0
50
0
38
0
8
0
46
0
35
0
8
0
43
0
35
0
7
0
42
0
34
0
7
0
41
0
32
0
5
0
37
0
26
0
5
0
31
Group IV
T 0
S 15
00
3045
0
15
0
24
0
39
0
15
0
24
0
39
0
13
0
20
0
33
00
1318
0
31
0
9
11
1524
0
8
1
13
1
21
M = male, F = female, Tot. = total, T = number of mice with tumors >50 en mm on posterior
of their backs, S = survivors including animals with tumors greater than 50 cu mm autopsied or dying
prior to the time noted.
three were not detected before they attained
sizes greater than 50 cu mm. These lesions
ranged between 100 and 3000 cu mm. Multiple
papilloma formation was not seen.
Group II (UVL) and Group III (Croton
Oil): No tumors or papillomas appeared at
any time on the posterior ½ of the backs of
animals in these two groups.
Group IV (No treatment): Only one, ap-
parently spontaneous, tumor appeared. This
lesion was subepidermal when first noted at 15
months and reached a 7000 cu mm size by the
end of the study.
Tumor Incidence: The development of tu-
mors greater than 50 cu mm is recorded in
Table I. More than one half of the large
growths occurred in Group I before the single
tumor was noted in the control groups; the
difference in tumor incidence between Group I
and the control groups was statistically sig-
nifiCant after the twelfth month using the x°
method for a 2 by 2 Contingency table.*
* (Twelve month, P < 0.02; 14 month, P <
0.01; 16 month, P < 0.001; 18 month, P < 0.001.)
As noted in previous studies, the difference in tu-
mor incidence in male and female animals both in
Group I and in Group IV were not significant.
DISCUSSION
The results of this study indicate that a
single ultraviolet light exposure can induce tu-
mor formation if followed by croton oil ap-
pliCations. The mechanism of this response is
not clear. Berenbium and Shubik demonstrated
that croton oil is an efficient promotor of
chemically initiated experimental skin tumor
formation (11, 12). The available evidence in-
dicates that initiation and promotion represent
separate and distinct events or stages in poly-
cyclic hydrocarbon induced tumor formation in
mouse skin (13—19). Boutwell's studies suggest
that promotion actually encompasses 2 proc-
esses; specific conversion of initiated cells to
dependent tumor cells and nonspecific propa-
gation to a multiplying tumor cell population
(19). In contrast, Blum's extensive data and
calculations indicate that experimental ultra-
violet light carcinogenesis is a continuous proc-
ess developing from the first exposure (20),
though Blum (21) and Rusch et al. (22) could
not produce tumors unless the exposures were
carried out over a minimum of 2½ months
regardless of the energy used. Blum's de-
terminations suggest that the shorter exposure
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periods did not accelerate tumor formation
sufficiently for the growths to become visible
within the lifetime of the experimental ani-
mals (20).
Whether the croton oil applications in our
study served to accelerate tumor growth that
had started with the single ultraviolet light
exposure, or, functioned to convert ultraviolet
light initiated cells into a tumor forming pop-
ulation has not been determined. However, in
contrast to the effects of initiation with a
polycyclic hydrocarbon carcinogen, only one
growth was produced per tumor bearing mouse.
Multiple papilloma production and significant
tumor regression, typical of chemical initiation
with croton oil promotion, was not noted. Thus,
the characteristics of the tumors produced ap-
peared to have been established by the single
ultraviolet light exposure prior to the chemical
stimulation.
5IJMMAaY
The effect of chemical stimulation of ultra-
violet light induced carcinogenesis was ex-
amined utilizing croton oil promotion tech-
niques. A single exposure to 1.3 x 10 ergs/cm2
of mid ultraviolet light energy followed hy bi-
weekly applications of croton oil resulted in 9
tumors within 18 months. Only one apparently
spontaneous tumor appeared in the control
groups. All but one of the tumors produced
were larger than 50 cu mm and only one growth
per tumor bearing animal was noted. Multiple
papilloma formation and significant tumor re-
gression were not seen.
These results suggest that croton oil stim-
ulated tumor formation, the characteristics of
which were established by the single ultraviolet
light exposure. The mechanism of this stimula-
tion remains to be determined.
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